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Tifle: Porcine Fgl2 

ATFn APPOCATIONS 

This application daims the benefit of priority from U.S. provisional 
patent appUcations serial nos. 60/354,294 filed February 7, 2002 and 60/355,795 
5 filed February 12, 2002, both of which are incorporated herein by reference in 
their entirety. 

PTPT r> OP THE INVENTION 

The present invention relates to novel porcine fgl2 nudeic add and 

protein molecules as wdl as methods and compositions for immune 
10 modulation using the novel molecules. 

B ArynROUNP OF TWP TISrVENTION 

Transplantation has become the tireatinent of choice for end-stage 

organ failure. Despite increasing demand, low rates of donation have resulted 

in a chronic shortage of available organs (1). Xenotiransplantation offers one 
15 potential solution to this problem. The pig has been identified as the most 

suitable donor of organs for use in humans for anatomical, physiological, and 

ethical reasons (2). 

Barriers to Xenotransplantation, Rg organs that are transplanted 
into nonhuman primates are destiroyed by hyperacute rejection (HAR) within 

20 minutes to hours. HAR occurs due to the binding of preformed xenoreactive 
antibodies (XNA) to the graft endotheUum, resulting in complement activation, 
endotheHal damage, interstitial hemorrhage, thrombosis, and graft: loss (3). 
XNA, found in humans and Old World monkeys, are directed against the 
galactosyl a-l,3-galactose epitope (a-gal) that is present on tiie cells of pigs, 

25 other lower mammals, and environmental bacteria (4), HAR has been 
overcome through the use of stirategies aimed at inactivating or depleting XNA 
and complement (5,6). One of ti^e most promising stirategies has been the use 
of tiransgenic donor pigs that express human complement regulatory molecules 
such as decay accelerating factor (hD AF) (7) . 

30 Despite using organs firom tiransgenic pigs in combination with 

antibody depletion and profound immune suppression, indefinite survival of 
pig-to-primate soM organ xenografts has not been achieved. Xenografts are 
lost afiier days to weeks due to a poorly understood process known as delayed 
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xenograft rejection (DXR) (8). DXR has been associated with clinically evident 
abnormalities in coagvilation in preclinical studies of pig-to-pritnate solid organ 
xenotransplantation (9). Thrombosis and microangiopathy are the major 
pathological feattires observed in rejected grafts; cellxilar infiltration is a less 
5 prominent feature. Motmting evidence suggests that complement 
components, coagulation factors, thromboregulatory pathways, leukocytes, 
cytokines, and antibodies may all play important roles in the pathogenesis of 
DXR (10). 

Role of the endothelium in xenograft thrombosis. Elucidating the 

10 processes that contribute to thrombosis after xenotransplantation is, therefore, 
a principal focus of ongoing research efforts. The vascular endothelitom is 
critically involved in regulating coagulation, and is the initial site of interaction 
between the xenograft and the recipient. Activation of endothelial cells (EC) in 
the context of xenograft rejection has been identified both in vivo and in vitro 

15 (11). ''Type I activation" of EC occurs rapidly and is independent of protein 
synthesis. Events that occur include acute changes in cell morphology, such as 
shape change and retraction; release of substances such as heparan svilfate, von 
Willebrand factor, and tissue plasminogen activator; surface expression of 
molecules such as P-selectin and platelet activating factor; and loss of 

20 anticoagulant proteins sudi as thrombomodulin (12). "Type n activation'' of 
EC involves sustained phenotypic alterations that depend upon increased or de 
novo synihesis of proteins such as adhesion molecules (eg. VCAM-1), 
proinflammatory cytokines (eg. IL-1), and procoagulant molecules (eg. tissue 
factor) (12). A wide range of xenogeneic stimuli have been observed to result 

25 in Type 11 activation of porcine vascular endoihelial cells. These include human 
immunoglobulin (predominantiy anti-a-gal) (13), complement (14-16), 
leukoc3rtes (T lymphocytes, natural IdUer (NK) cells, macrophages, monocytes) 
(17-19), platelets (20), cytokines (IL-1, TNF-a, LPS) (21-23), and coagulation 
factors such as thrombin and Factor Xa (24,25). 

30 Activated endothelial cells may directiy contribute to tiie generation 

of a protiirombotic state within a solid organ xenograft. After activation by 
NK ceUs in vitro, porcine EC demonstrate an induction of procoagulant 
fimction (26). More specifically, two groups have independentiy demonstrated 
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that cultured porcine aortic endotheUal cells (PAEC) directly cleave human 
prothrombin to tbroiribin by an unidentified mechanisin, in the absence of the 
classical prothrombinase complex (27,28). The production of thrombin, a 
central mediator of coagulation and inflammation, appears to play an 
important role in xenotransplantation; in vivo inhibition of thrombin is 
associated with prolonged xenograft survival (29,30). 

Fibnnogen-like protein 2 (fgl2). Fgl2 is a novel procoagulant 
molecule that possesses direct prothrombinase activity. It has been impUcated 
in the thrombosis associated wilii viral hepatitis, fetal loss syndromes, and 
transplant rejection. Fgl2 was initially described as a cytokine-induced 
procoagulant activity (PCA) in murine lymphoid cells, which were 
demonstrated to activate prothrombin directly to tiirombin in the absence of 
factor Vn or factor X (31). Subsequentiy, fulminant hepatic failure induced by 
murine hepatitis virus stirain 3 (MHV-3) infection in susceptible mice was shown 
15 to be associated with a marked rise in monocyte PCA (32); monoclonal 
antibodies generated against PCA were shown to prevent mortality in tiiese 
mice (33). Using these antibodies, a novel murine procoagulant was 
functionally cloned by screening of murine peritoneal macrophage cDNA 
libraries synthesized from MHV-3 infected mice (34,35). Sequence analysis of 
20 the MHV-3 induced prothrombinase revealed homology to mvisfiblp, a 
previously described gene encoding a mouse fibrinogen-like protein. Musfiblp 
had been originally doned from cytotoxic T lymphocytes, and had been 
demonstrated to share significant homology to fibrinogen P and y chains 
(36,37). The mRNA hsnscript encoding the human homologue of this molecule 
25 was subsequentiy isolated firom T-lymphocytes, and was termed fibroleukin 
due to its homology with fibrinogen (38,39). The human gene encoding 
fibroleukin (hfgl2), was recentiy cloned and characterized, and stiidies have 
suggested a role for the molecule in the pathogenesis of fiilminant viral 
hepatitis in humans (40,41). Recent experiments have also identified a principal 
30 role for fgl2 in rodent models of spontaneous abortion (42-44). 

Fgl2 is highly conserved between mice and humans. The mtirine 
fgl2 (mfgl2) and hfgl2 genes localize to synthetic chromosomal lod on 
chromosomes 5 and 7, respectively. Comprised of two exons, botia genes 
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encode two mRNA transcripts of approximately 1.5kb and 4.5kb in length 
which are foaind with varying abundance in different tissues. The two variants 
are thought to arise on account of tisage of alternative polyadenylation 
sequences; the longer variant contains a more lengthy 3'-untranslated region 
5 (41). The longest open reading frame encodes a protein of 432 amino adds in 
mice, and 439 amino adds in humans. The mf gl2 and hfgl2 proteins share 77% 
overall identity, and appear to share a transmembrane region near the N- 
terminus. The carboxy terminus of both proteins contains a highly conserved 
fibrinogen related domain found in the fibrinogen p and y chains as well as 
10 other fibrinogen-Uke proteins (36,39). The constitutive function of fgl2 is not 
well understood, as the molecule has been predominantly studied in its role as 
an induced procoagulant. Recent experiments in our laboratory suggest that 
fgl2 is a membrane-bovmd serine protease that independently deaves 
prothrombin to thrombin. Site-directed mutagenesis of serine residue 89 to 
15 alanine abolishes the prothrombinase activity. Additional experiments suggest 
that igP. may have an immunoregulatory function. 

Several experiments suggest that fgl2 is in^Ucated in allograft 
rqection. Elevations in factor VH independent monocyte procoagulant activity 
(PCA) have been shown to be associated with renal allograft rejection in 
20 humans (4546). An increase in PCA has also been observed to correlate with 
small intestinal allograft rejection in rodent models (47,48). Rejection of 
heterotopic murine cardiac allografts has been associated with increased fg^ 
expression in graft endothelial cells and infiltrating leukocytes (49). Recent 
e>q)eriments performed in the inventors' laboratory also support a role for fgl2 
25 in xenograft rejection. Wild-type mouse hearts transplanted heterotopically into 
rats develop intravascular thrombosis and other typical features of xenograft 
rejection in assodation witti increased tissue levels of fgl2 mRNA. The use of 
donor hearts from fgl2 knockout mice dramatically reduces the amovint of 
thrombosis observed (50). 
30 In view of the foregoing, there is a need in the art to done and 

characterize the porcine fgl2 as a potential target for genetic modification in the 
pig, in order to prevent tiuombosis and rejection of pig-to-primate solid organ 
xenografts. 
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The inventors have doned and sequenced iiie porcine fgl2 
prothrombinase and have investigated the regulation of this molecule in 
porcine endolheUal cells in vitro. Modulation of fgl2 expression in porcine 
5 organs or tissues that are transplanted into humans or nonhuman primates will 
ameUorate the thrombosis that is currently seen with pig-to-primate soUd 
organ xenotransplantation. 

Accordingly, in one aspect, the present invention provides an 
isolated porcine fgl2 molecule or a homolog or analog thereof. In one 
10 embodiment, the present invention provides an isolated porcine fgl2 molecule 
having the nudeic add shown in Figure lA (SEQ ID NO:l) or a homolog or 
analog thereof. In another embodiment, the present invention provides an 
isolated porcine fgl2 molecule having the amino add sequence found in Figure 
IB (SEQ ID NO:2) or a homolog or analog thereof. 
15 The present invention also indudes agonists and antagonists of 

porcine fgl2 function or activity induding antisense molecules and antibodies to 
porcine fgl2. 

The present invention indudes a method of immune modulation 
comprising administering an effective amount of a porcine fgl2 nudeic add or 
20 protein or an agonist or antogonist thereof to a cell or animal in need thereof. 

In one aspect, the present invention provides a method of 
modulating an immune response by administering an effective amount of an 
agent that inhibits the activity of porcine fgl2. 

An agent that inhibits the interaction of the pordne f gl2 protein may 
25 be an antibody that binds to the porcine fgl2 protein. Accordingly, the 
invention indudes a method of immune modulation comprising administering 
an effective amount of an antibody that binds to a porcine fgl2 molecule to a 
cell or animal in need thereof. In one embodiment of the invention, the 
immime modulation is immxme suppression. 
30 Such methods of immune suppression may be useful in preventing 

the prothrombinase activity of pordne fgl2 which would be useftjl when 
transplanting pig organs to other animals. 
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Accordingly, in one embodiment the present invention provides a 
method of preventing thrombosis associated with xenotransplant rejection of a 
porcine organ or tissue comprising administering an effective amount of an 
agent that inhibits the activity of porcine f gl2 to the porcine organ or tissue or 
donor. In one embodiment, the agent is an antibody that inhibits the activity of 
porcine f gl2. In another embodiment, the agent is an antisense molecule of the 
pordne fgl2 nucleic add sequence. 

In yet another aspect, the present invention indudes screening 
methods for identifying substances whidi are capable of binding to the pordne 
fgl2 molecules described herein. In particular, the methods may be used to 
identify substances or agonists whidi are capable of binding to and augmenting 
or attenuating the effects of pordne fgl2. Alternatively, the methods may be 
used to identify substances or antagonists which are capable of binding to 
porcine fgl2 and which inhibit the effeds or activity of porcine fgl2. 
15 Accordingly, the invention provides a method of identifying 

substances which bind with a porcine fgl2 protein, comprising the steps of: 

(a) reacting the pordne fgl2 protein and a test substance, under 
conditions which allow for formation of a complex, and 

(b) assaying for complexes of the porcine fgl2 protein and the test 
20 substance, for free substance, and for non-complexed porcine fgl2 protein, 

wherein the presence of complexes indicates that the test substance is capable 

of binding the porcine f gl2 protein. 

The present invention also indudes the pharmaceutical compositions 

comprising any of the above molecules that modulate porcine fgl2 and/or cells 
25 expressing such molecules, for use in immune modulation. 

Other feahires and advantages of the present invention will become 

apparent from the following detailed description. It should be understood, 

however, that the detailed description and the specific examples while 

indicating preferred embodiments of the invention are given by way of 
30 illustration only, since various dianges and modifications within the spirit and 

scope of the invention will become apparent to those skilled in the art from this 

detailed description. 

RTCTFF DESCRIPTTnN OF TH F AWINGS 
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The invention wiU now be described in relation to the drawings in 

which: 

Figure 1 shows the nudeic add sequence (Figure lA; SEQ ID NO:l) 
and anuno add sequence (Figure IB; SEQ ID NO:2) of the pordne fgl2 gene. 
5 Figure 2 shows the aUgnment of the fgl2 promoter between the pig 

(SEQ ID NO:3), human (SEQ ID NO:4) and mouse fgi2 (SEQ ID NO:5) 
sequences. 

Figure 3 shows the aUgnment of the amino add sequence for the pig 
(SEQ ID NO:2), human (SEQ ID NO:6) and mouse fgl2 (SEQ ID NO:7) 
10 sequences. 

Figure 4 is a schematic showing restriction maps of 3 dones 

containing porcine f gl2 gene. 

Figure 5 is a Southern blot of restriction fragments using mouse f gl2 

exon 1 (161 bp) and exon 2 (659 bp) probes (done 1). 
15 Figure 6 is a Southern blot of restriction fragments using mouse f gl2 

exon 1 (161 bp) and exon 2 (659 bp) probes (done 2). 

Figure 7 is a Southern blot of restriction fragments using mouse fgl2 
exon 1 (161 bp) and exon 2 (659 bp) probes (done 3). 

Figure 8 is a schematic showing the sequencing of done 1. 
20 Figure 9 shows the 5' and 3' RACE data for the fgl2 gene. 

Figure 10 is a schematic showing the structure of the porcine fgl2 

gene and mRNA transcripts. 

Figure 11 is a Northern blot showing f gl2 mRNA in porcine tissues. 
Figure 12 is an immunoblot showing the 3' deavage/poly- 
25 adenylation site of pf gl2 from a ribonudease protection assay. 

Figure 13 is a Western blot showing the expression of recombinant 
pfgl2 in high five celllysates. 

Figure 14 is a graph showing the thrombin generation by pfgl2bv- 

infected ceU lysates. 
30 Figure 15 is a graph showing thrombin standard curves. 

Figure 16 is a Northern blot showing the induction of pfgl2 mRNA 

inPAEC. 
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Figure 17 shows the chromosomal location of pordne fgl2 gene by 
FISH. Panel A shows an example of FISH mapping of the porcine fgl2 gene. 
FISH signals are localized to one porcine chromosome (arrow, left). Staining of 
the same mitotic figure with DAPI demonstrates that the signals are localized to 
5 chromosome 9 (right). Panel B is a schematic showing the localization of the 
porcine fgl2 gene to porcine chromosome 9, region ql6-ql7. Each dot 
represents one pair of FISH signals detected from one out of ten images 
aneilyzed. 

Figure 18 is a Western blot showing the detection of recombinant 
10 pfgl2 protein by polyclonal rabbit anti-pfgl2 peptide antibodies. , 

Figure 19 shows fgl2 -/- donor heart at 59 days post implantation in 
rat with normal histology (Panel A) using CsA treatment 10 mg/kg/day. Next 
two panels (panels B and Qshow effect of withdrawing immunosuppression 
on day 60 with marked ceUular rejection looking like aUo rejection not xeno 
15 rejection. No evidence of vasctdar thrombosis or hemorrhage 

Figure 20 shows fgl2 +/+ heart implanted into rat wiih thrombosis 
and hemorrhage (Panels A and B). In contrast impantation of of heart from 
fgl2 -/- mouse (panels C and D) shows no vascular thronibosis but rather 
cellular rejection when no immunosuppression is used. 
20 DFT AILED DTSrRTPTION CYP THE INVENTION 
I. Pnrcme f gl2 

As hereinbefore mentioned, the present inventors have isolated, 
cloned and sequenced the porcine f gl2 gene. 

Accordingly, iiie present invention provides an isolated porcine fgl2 
25 having a nucleic add sequence shown in Figure lA (SEQ ID NO:l), or a 
homolog or analog thereof. The present invention also provides an isolated 
porcine fgl2 having a nudeic add sequence that encodes an fgl2 protein having 
an amino add sequence shown in Figure IB (SEQ ID NO:2) 

The term "isolated" refers to a nudeic add siibstantially free of 
ceUular material or culture medium when produced by recombinant DNA 
techniques or chemical precursors or other chemicals when diemicaUy 
sjniithesized. 



30 



wo 03/066848 



PCT/CA03/00153 



The term "nudeic add sequence" refers to a sequence of nudeotide 
or nudeoside monomers consisting of naturaUy occurring bases, sugars and 
intersugar (backbone) linkages. The term also indudes modified or substituted 
sequences comprising non-naturally occurring monomers or portions thereof, 

5 which hmction similarly. The nudeic add sequences of the present invention 
may be ribonudeic (RNA) or deoxyribonudeic adds (DNA) and may contain 
nahirally occurring bases induding adenine, guanine, cytosine, thymidine and 
tiradl. The sequences may also contain modified bases such as xanthine, 
hypoxanthine, 2-aminoadenine, 6-methyl, 2-propyl, and other alkyl adenines, 

10 5-halo uradi, 5-halo cytosine, 6-aza uracil, 6-aza cytosine and 6-aza thymine, 
pseudouradl, 4-thiouracil, 8-halo adenine, 8-amino adenine, 8-thiol adenine, 8- 
thio-alkyl adenines, 8-hydroxyl adenine and other 8-substituted adenines, 8- 
halo guanines, 8-amino guanine, 8-thiol guanine, 8-thioalkyl guanines, 8- 
hydroxyl guanine and other 8-substihited guanines, other aza and deaza 

15 uracils, thymidines, cytosines, adenines, or guanines, 5-trifluoromethyl uracil 

and 5-trifluoro cytosine. 

In a preferred embodiment, the porcine fgl2 nudeic add sequence 

comprises: 

(a) a nudeic add sequence as shown in Figiure lA (SEQ ID NO:l), 

20 wherein T can also be U; 

(b) a nudeic add sequence that is complimentary to a nudeic add 

sequence of (a); 

(c) a nudeic add sequence that has substantial sequence homology 
to a nudeic add sequaice of (a) or (b); 

25 (d) a nudeic add sequence that is an analog of a nudeic add 

sequence of (a), (b) or (c); or 

(e) a nudeic add sequence that hybridizes to a nudeic add 
sequence of (a), (b), (c) or (d) tmder stringent hybridization conditions. 

The term "sequence that has substantial sequence homology" meai\s 
30 tiiose nudeic add sequences which have sHght or inconsequential sequence 
variations from the sequences in (a) or (b), i.e., the sequences function in 
substantially the same manner. The variations may be atiributable to local 
mutations or stinichiral modifications. Nudeic add sequences having 
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substantial homology indude nudeic add sequences having at least 90%, and 
more preferably 95% identity with the nudeic add sequences as shown in 
Figure lA (SEQ ID NO:l). 

The term "sequence that hybridizes" means a nudeic add sequence 

5 that can hybridize to a sequence of (a), (b), (c) or (d) under stringent 
hybridization conditions. Appropriate "stringent hybridization conditions" 
which promote DNA hybridization are known to those skilled in the art, or 
may be found in Current Protocols in Molecular Biology, John Wiley & Sons, 
N.Y. (1989), 6.3.1-6.3.6. For example, the following may be employed: 6.0 x 

10 sodium chloride/sodium dtrate (SSC) at about A5'C, foUowed by a wash of 2.0 
X SSC at 50'C. The stringency may be selected based on the conditions used in 
the wash step. For example, the salt concentration in the wash step can be 
selected from a high stringency of about 0.2 x SSC at 50°C. In addition, the 
temperature in the wash step can be at high stringency conditions, at about 

15 65'C. 

The term "a nudeic add sequence which is an analog" means a 
nudeic add sequence which has been modified as compared to the sequence of 
(a), (b) or (c) wherein the modification does not alter the function of the 
sequence as described herein (e.g. the analog will have fgl2 function or activity). 

20 The modified sequence or analog may have improved properties over the 
sequence shown in (a), (b) or (c). One example of a modification to prepare an 
aiwlog is to replace one of the naturally occurring bases (i.e. adenine, guaiune, 
cytosine or thymidine) of the sequence shown in Figure lA (SEQ ID NO:l) with 
a modified base such as such as xanthine, hypoxanthine, 2-aminoadenine, 6- 

25 methyl, 2-propyl and other alkyl adenines, 5-halo uradl, 5-halo c5rtosine, 6-aza 
uradl, 6-aza cytosine and 6-aza thymine, pseudo xuradl, 4rthiouracil, 8-halo 
adenine, 8-aminoadenine, 8-fhiol adenine, 8-thiolalkyl adenines, 8-hydroxyl 
adenine and other 8-substituted adenines, 8-halo guanines, 8 amino guanine, 8- 
thiol guanine, 8-thiolaIkyl guanines, 8-hydroxyl guanine and other 8- 

30 substituted guanines, other aza and deaza uracils, thymidines, cytosines, 
adenines, or guanines, 5-trifluoromethyl uracil and 5-trifluoro cytosine. 

Another example of a modification is to indude modified 
phosphorous or oxygen heteroatoms in the phosphate backbone, short chain 
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alkyl or cydoalkyl intersugar linkages or short chain heteroatomic or 
heterocydic intersugar linkages in the nucleic acid molecule shown in Figure lA 
(SEQ ID NO:l). For example, the nudeic add sequences may contain 
phosphorothioates, phosphotriesters, methyl phosphonates, and 
5 phosphorodithioates. 

A further example of an analog of a nudeic add molecule of the 
invention is a peptide nudeic add (PNA) wherein the deoxyribose (or ribose) 
phosphate backbone in the DNA (or RNA), is replaced with a polyamide 
badcbone which is similar to that found in peptides (P.E. Nielsen, et al Sdence 
10 1991, 254, 1497). PNA analogs have been shown to be resistant to degradation 
by enzymes and to have extended Uves in vivo and in vitro. PNAs also bind 
stronger to a complimentary DNA sequence due to the lack of charge repulsion 
between the PNA strand and the DNA strand. Other nudeic add analogs may 
contain nudeotides containing polymer backbones, cydic backbones, or acydic 
15 badsbones. For example, the nudeotides may have morpholino backbone 
strudures (U.S. Pat. No. 5,034,506). The analogs may also contain groups such 
as reporter groups, a group for improving the pharmacokinetic or 
pharmacodynamic properties of nudeic add sequence. 

The present invention also indudes the novel porcine fgl2 protein. 
20 Accordingly, in one embodiment, the present invention provides an isolated 
pordne f gl2 protein having an amino add sequence shown in Figure IB (SEQ 
ID NO:2) or an analog, homolog or fragment thereof. 

Within the context of the present invention, a protein of the 
invention may indude various structural forms of the primary protein whidi 
25 retain biological activity. For example, a protein of the invention may be in the 
form of addic or basic salts or in neutral form. In addition, individual ^mino 
add residues may be modified by oxidation or reduction. 

In addition to the full length amino add sequence, the protein of the 
present invention may also indude truncations of the protein, and analogs, and 
homologs of the protein and truncations thereof as described herein. 
Truncated proteins or fragments may comprise peptides of at least 5, 
preferably 10 and more preferably 15 amino add residues of the sequence 
shown in Figure IB (SEQ ID NO:2). 



30 
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The invention further provides polypeptides comprising at least one 
functional domain or at least one antigenic determinant of a porcine fgl2 
protein. 

Analogs of the protein of the invention and/or truncations thereof 
5 as described herein, may include, but are not liirdted to an amino add sequence 
containing one or more amino add substitutions, insertions, and/or deletions. 
Amino add substitutions may be of a conserved or non-conserved nature. 
Conserved amino add substitutions involve replacing one or more amino adds 
of the proteins of the invention with amino adds of similar charge, size, and/or 
10 hydrophobidty characteristics. When only conserved substitutions are made 
• the resulting analog should be fundionally equivalent. Non-conserved 
substitutions involve replacing one or more amino adds of the amino add 
sequence with one or more amino adds which possess dissimilar charge, size, 
and/or hydrophobidty characteristics. 
15 One or more amino add insertions may be introduced into the 

amino add sequences of the invention. Amino add insertions may consist of 
single amino add residues or sequential amino adds ranging from 2 to 15 
amino adds in length. For example, amino add insertions may be used to 
destroy target sequences so that the protein is no longer active. This procedure 
20 may be used in vivo to inhibit the activity of a protein of the invention. 

Deletions may consist of the removal of one or more amino adds, or 
discrete portions from the amino add sequence of die porcine fgl2. The deleted 
amino adds may or may not be contiguous. The lower limit length of the 
resulting analog with a deletion mutation is about 10 amino adds, preferably 

25 ICQ amino adds. 

Analogs of a protein of the invention may be prepared by 
introducing mutations in the nudeotide sequence encoding the protein. 
Mutations in nucleotide sequences constructed for expression of analogs of a 
protein of the invention mxist preserve the reading frame of the coding 

30 sequences. Furthermore, the mutations will preferably not create 
complementary regions that could hybridize to produce secondary mRNA 
structures, such as loops or hairpins, which could adversely affect translation of 
the receptor mENA. 
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Mutations may be introduced at partictilar lod by S3nittiesizmg 
oligonucleotides containing a mutant sequence, flanked by restriction sites 
enabling ligation to fragments of the native sequence. Following ligation, the 
resulting reconstructed sequence encodes an analog having the desired amino 
5 add insertion, substitution, or deletion. 

Alternatively, oligonudeotide-directed site specific mutagenesis 
procedures may be employed to provide an altered gene having particular 
codons altered according to tiKe substitution, deletion, or insertion required. 
Deletion or truncation of a protein of the invention may also be constructed by 

10 utilizing convenient restriction endonudease sites adjacent to the desired 
deletion. Subsequent to restriction, overhangs may be filled in, and the DNA 
religated. Exemplary methods of making the alterations set forth above are 
disdosed by Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd 
Ed., Cold Spring Harbor Laboratory Press, 1989). 

15 The proteins of the invention also indude homologs of the amino 

add sequence of the porcine fgl2 protein and/ or tnmcations thereof as 
described herein. Such homologs are proteins whose amino add sequences are 
comprised of amino add sequences that hybridize under stringent 
hybridization conditions (see discussion of stringent hybridization conditions 

20 herein) with a probe vised to obtain a protein of tiie invention. Homologs of a 
protein of the invention will have ihe same regions which are diaracteristic of 
the protein, 

A homologous protein indudes a protein with an amino add 
sequence having at least 90%, preferably 95% identity with the amino add 
25 sequence of the porcine fgl2 sequence. 

The invention also contemplates isofonns of the proteins of tiie 
invention. An isoform contains the same number and kinds of amino adds as a 
protein of the invention, but the isoform has a different molecular structure. 
The isoforms contemplated by the present invention are those having the same 
30 properties as a protein of the invention as described herein. 

The present invention also indudes a protein of ttie invention 
conjugated with a selected protein, or a selectable marker protein to produce 
fusion proteins. For example, the pordne f gl2 sequence is inserted into a vector 
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that contains a nucleotide sequence encoding another peptide (e.g. GST- 
glutathione sucdnyl transferase). The fusion protein is expressed and 
recovered from prokaryotic (e.g. bacterial or baculovirus) or eukaryotic cells. 
The fusion protein can then be purified by affinity chromatography based upon 
5 the fiasion vector sequence and the porcine f gl2 protein obtained by enzymatic 
cleavage of the fusion protein. 

The proteins of the invention (including trxmcations, analogs, etc.) 
may be prepared using recombinant DNA methods. Accordingly, nudeic add 
molecules of the present invention having a sequence which encodes a protein 
10 of the invention may be incorporated according to procedures known in the art 
into an appropriate expression vector which ensures good expression of tiie 
protein. Possible expression vectors indude but are not limited to cosmids, 
plasmids, or modified viruses (e.g., repUcation defective retiroviruses, 
adenoviruses and adeno-assodated viruses), so long as the vector is compatible 
15 with the host cell used. The expression "vectors suitable for transformation of 
a host cell", means that the expression vectors contain a nudeic add molecule of 
the invention and regulatory sequences, selected on the basis of the host cells to 
be used for expression, whidi are operatively linked to the nuddc add 
molecule. "Operatively linked" is intended to mean tiiat the nudeic add is 
20 linked to regulatory sequences in a manner which allows expression of the 
nudeic add. 

The invention therefore contemplates a recombinant expression 
vedor of the invention containing a nudeic add molecule of the invention, or a 
firagment thereof, and the necessary regulatory sequences for the transcription 

25 and tiranslation of the inserted protein-sequence. Suitable regulatory sequences 
may be derived firom a variety of sources, induding baderial, ftmgal, or viral 
genes (For example, see the regulatory sequences described in Goeddd, Gene 
Expression Technology: Methods in Enzymology 185, Academic Press, San 
Diego, CA (1990). Selection of appropriate regulatory sequences is dependent 

30 on tiie host cell chosen, and may be readily accomplished by one of ordinary 
skiU in the art. Examples of such regulatory sequences indude: a 
transcriptional promoter and enhancer or RNA polymerase binding sequence, 
a ribosomal binding sequence, induding a tiranslation initiation signal. 
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AdditionaUy, depending on the host ceU chosen and the vector employed, other 
sequences, such as an origin of repHcation, additional DNA restriction sites, 
enhancers, and sequences conferring indudbiHty of transcription may be 
incorporated into the expression vector. It will also be appreciated that the 
5 necessary regulatory sequences may be suppUed by the native protein and/or 

its flanking regions. 

The invention further provides a recombinant expression vector 
comprising a DNA nucleic add molecule of the invention doned into the 
expression vector in an antisense orientation. That is, the DNA molecule is 
10 operatively linked to a regulatory sequence in a manner which allows for 
expression, by transcription of the DNA molecule, of an RNA molecule which is 
antisense to a nudeotide sequence of the invention. Regulatory sequences 
operatively linked to the antisense nudeic add can be chosen which direct the 
continuous expression of the antisense RNA molecule. 
15 The recombinant expression vectors of the invention may also 

contain a selectable marker gene which fadHtates the selection of host cells 
transformed or transfected with a recombinant molecule of the invention. 
Examples of selectable marker genes are genes encoding a protein such as G418 
and hygromydn which confer resistance to certain drugs, p-galadosidase, 
20 chloramphenicol acetyltransferase, or firefly ludferase. Transcription of the 
selectable marker gene is monitored by changes in the concentration of the 
selectable marker protein such as P-galactosidase, diloramphenicol 
acetyltransferase, or firefly ludferase. If the selectable marker gene encodes a 
protein conferring antibiotic resistance sudi as neomycin resistance 
25 transformant cells can be selected with G418. Cells that have incorporated the 
selectable marker gene will survive, while the other cells die. This makes it 
possible to visualize and assay for expression of recombinant expression 
vectors of the invention and in particular to determine the effect of a mutation 
on expression and phenotype. It will be appredated that selectable markers 
30 can be introduced on a separate vector from the nudeic add of interest. 

The recombinant expression vedors may also contain genes which 
encode a fusion moiety which provides increased expression of the 
recombinant protein; increased solubility of the recombinant protein; and aid in 
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the pijrification of a target recombinant protein by acting as a ligand in affinity 
purification. For example, a proteolytic deavage site may be added to the 
target recombinant protein to allow separation of the recombinant protein 
from the fusion moiety subsequent to purification of ihe fusion protein. 
5 Recombinant expression vectors can be introduced into host cells to 

produce a transformed host cell. Accordingly, the invention includes a host cdl 
comprising a recombinant expression vector of the invention. The term 
"transformed host cell" is intended to indude prokaryotic and eukaryotic cells 
whidi have been transformed or transfected with a recombinant expression 
10 vector of the invention. The terms "transformed with", "transfected with", 
"transformation" and "transfection" are intended to encompass introduction of 
nudeic add (e.g. a vector) into a cell by one of many possible techniques known 
in ihe art. Prokaryotic cells can be transformed with nudeic add by, for 
example, electroporation or caldum-chloride mediated transformation. Nudeic 
15 add can be introduced into mammalian cells via conventional techniques such 
as caldum phosphate or caldum chloride co-predpitation, DEAE-dextran- 
mediated traiisfection, Hpofectin, electroporation or microinjection. Suitable 
methods for transforming and transfecting host cells can be found in Sambrook 
et al. (Molecular Qoning: A Laboratory Manual, 2nd Edition, Cold Spring 
20 Harbor Laboratory press (1989)), and other such laboratory textbooks. 

Suitable host cells indude a wide variety of prokaryotic and 
eukaryotic host cells. For example, the proteins of the invention may be 
expressed in bacterial cells such as E. coli, Pseudomonas, BacUlus subtillm, insect 
oeUs (using baculovirus), yeast cells or mammalian cells. Other suitable host 
25 cells can be found in Goeddel, Gene Expression Technology: Methods in 
Enzymology 185, Academic Press, San Diego, CA (1991). 

As an example, to produce porcine fgl2 proteins recombinantly, for 
example, E. coli can be vised using the T7 RNA polymerase/promoter system 
using two plasmids or by labeling of plasmid-encoded proteins, or by 
30 expression by infection with M13 Phage mGPI-2. E. coH vedors can also be 
used with Phage lamba regulatory sequences, by fusion protein vedors (e.g. 
lacZ and trpE), by maltose-binding protein fusions, and by glutathione-S- 
transferase fusion proteins. 
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Altematively, the pordne f gl2 protein can be expressed in insect cells 
losing baculoviral vectors, or in mammalian cells xising vacdnia virus. For 
expression in mammaHan cells, the cDNA sequence may be Hgated to 
heterologous promoters, such as the simian virus (SV40) promoter in the pSV2 
vector and introduced into cells, such as COS cells or CHO cells to achieve 
transient or long-term expression. The stable integration of the chimeric gene 
construct may be maintained in mammalian cells by biochemical selection, such 
as neomycin and mycophoenolic acid. 

The porcine fgl2 DNA sequence can be altered using procedtures 
such as restriction enzyme digestion, fiU-in with DNA polymerase, deletion by 
exonudease, extension by terminal deoxynudeotide transferase, ligation of 
synthetic or doned DNA sequences, site-directed sequence alteration with the 
vise of spedfic oligonucleotide together witii PCR. 

The cDNA sequence or portions thereof, or a mini gene consisting of 
a cDNA with an intron and its own promoter, is introduced into eukaryotic 
expression vectors by conventional techniques. These vectors permit the 
transcription of the cDNA in eukaryotic cells by providing regulatory 
sequences that initiate and enhance the transcription of the dDNA and ensure 
its proper splicing and polyadenylation. The endogenous pordne fgl2 gene 
promoter can also be used. Different promoters within vectors have different 
activities which alters the level of expression of the cDNA. In addition, certain 
promoters can also modulate function such as the glucocorticoid-responsive 
promoto: from the mouse mammary timior virus. 

Some of the vectors listed contain selectable markers or neo bacterial 
i genes that permit isolation of cells by diemical selection. Stable long-term 
vectors can be maintained in cells as episomal, freely replicating entities by 
using regulatory elements of viruses. Cell lines can also be produced which 
have integrated the vector into the genomic DNA. In this manner, the gene 
product is produced on a continuous basis. 
) Vectors are introduced into redpient cells by various methods 

indudingcaldiun phosphate, strontium phosphate, electroporation, lipofection, 
DEAE dextran, microinjection, or by protoplast fusion. Alternatively, the 
dDNA can be introduced by infection using viral vectors. 
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Pordne fgl2 proteins may also be isolated from porcine cells or 
tissues in which the protein is normally expressed. 

The protein may be pvirified by conventional ptarification methods 
known to those in the art, such as chromatography methods, high 
5 performance Uquid chromatography methods or precipitation. For example, 
an anti-pordne fgl2 antibody (as described below) may be used to isolate a 
porcine fgl2 protein, wWch is then purified by standard methods. 

The proteins of the invention may also be prepared by chemical 
synthesis using techniques weU known in the chenustry of proteins such as 
10 soHd phase synthesis (Merrifield, 196^4, J. Am. Chem. Assoc. 85:2149-2154) or 
synthesis in homogenous solution (Houbenweyl, 1987, Methods of Organic 
Chemistry, ed. E. Wansch, Vol. 15 1 and H, Thieme, Stuttgart). 
IL Uses 

The present invention includes all uses of the porcine f gl2 nucleic add 
15 molecules and proteins of the invention induding, but not limited to, the 
preparation of pfgl2 modulators (induding antibodies and antisense 
oUgonudeotides), the preparation of experimental systems to study porcine 
fgl2, as weU as the use of porcine fgl2 nuddc add sequences and proteins and 
modulators thereof in diagnostic and therapeutic appUcations. Some of the 
20 uses are further described below. 
1. Pnrdne f gl2 modulators 

The isolation of the porcine fgl2 (pfgl2) molecule allows the 
development of agents that bind or modulate pfgl2. Agents that modulate 
pfgl2 indude agents that inhibit the expression or activity of pfgl2 as well as 
25 agents that enhance or increase the expression of pfgl2. The agent can be any 
type of substance, induding, but not limited to, nudeic adds (induding 
antisense oUgonudeotides), proteins (induding antibodies), peptides, peptide 
mimetics, carbohydrates and small molecules (induding organic and inorganic 
compounds). Some pfgl2 modulators are described below. 

30 fa) Antibodies 

The isolation of the porcine fgl2 protein enables preparation of 
antibodies specific for pordne fgl2. Accordingly, ihe present invention 
provides an antibody that binds to a porcine fgl2 protein. Antibodies may be 
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used advantageously to monitor the expression of porcine fgl2 or in 
therapeutic or diagnostic assays described below. Antibodies can be prepared 
which bind a distinct epitope in an unconsented region of the protein. An 
unconserved region of the protein is one that does not have substantial 
5 sequence homology to other fgl2 proteins. 

Conventional mettiods can be used to prepare the antibodies 
including the method described in Example 3. For example, by using a peptide 
of porcine fgl2, polyclonal antisera or monoclonal antibodies can be made using 
standard methods. A mammal, (e.g., a mouse, hamster, or rabbit) can be 
10 immunized with an immunogenic form of the peptide which eUdts an antibody 
response in the mammal. Tech3;uques for conferring immunogenidty on a 
peptide indude conjugation to carriers or other tedmiques weU known in the 
art. For example, the protein or peptide can be administered in the presence of 
adjuvant. The progress of immunization can be monitored by detection of 
15 antibody titers in plasma or serum. Standard ELISA or other immunoassay 
procedures can be used with the immunogen as antigen to assess the levels of 
antibodies. Following immunization, antisera can be obtained and, if desired, 
polydonal antibodies isolated from the sera. 

To produce monodonal antibodies, antibody producing cells 
20 aymphocytes) can be harvested from an immunized animal and fused with 
myeloma cells by standard somatic cdl fusion procedures thus immortalizing 
these cells and yielding hybridoma cells. Sudi tedmiques are weU known in the 
art, (e.g., the hybridoma tedmique originaUy developed by Kohler and Milstein 
(Nature 256, 495-497 (1975)) as weU as other tedmiques such as the human B- 
25 cdl hybridoma technique (Kozbor et al., Immunol. Today 4, 72 (1983)), the 
EBV-hybridoma technique to produce htmian monodonal antibodies (Cole et 
al. Monodonal Antibodies in Cancer Therapy (1985) Allen R. Bliss, Inc., pages 
77-96), and screening of combinatorial antibody Ubraries (Huse et al., Sdence 
246, 1275 (1989)). Hybridoma cells can be screened immunochemically for 
production of antibodies spedfically reactive with the peptide and the 
monoclonal antibodies can be isolated. Therefore, the invention also 
contemplates hybridoma cells secreting monodonal antibodies with spedfidty 
for porcine f gl2 as described herein. 



30 
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The term "antibody" as used herein is intended to include fragments 
thereof which also specifically react witfi pordne fgl2 or peptide thereof, having 
the activity of the pordne fgl2. Antibodies can be fragmented using 
conventional techniques and the fragments screened for utility in the same 
5 manner as described above. For example, F(ab')^ fragments can be generated 
by treating antibody with pepsLa. The resulting F(ab')^ fragment can be treated 
to reduce disulfide bridges to produce Fab' fragments. 

Chimeric antibody derivatives, i.e., antibody molecules that combine 
a non-human animal variable region and a human constant region are also 

10 contemplated within the scope of the invention. Chimeric antibody molecules 
can indude, for example, the antigen binding domain from an antibody of a 
mouse, rat, or. other spedes, with human constant regions. Conventional 
methods may be used to make chimeric antibodies containing the 
immunoglobulin variable region which recognizes the gene product of pordne 

15 fgl2 antigens of the invention (See, for example, Morrison et al., Proc. Natl 
Acad. Sd. U.S.A. 81,6851 (1985); Takeda et al.. Nature 314, 452 (1985), CabiUy 
et al., U.S. Patent No. 4,816,567; Boss et al., U.S. Patent No. 4,816,397; 
Tanagudii et al., European Patent Publication EP171496; European Patent 
Publication 0173494, United Kingdom patent GB 2177096B). It is expected that 

20 chimeric antibodies would be less immimogenic in a human subject than the 
corresponding non-chimeric antibody. 

Monodonal or chimeric antibodies specifically reactive with a protein 
of the invention as described herein can be further himianized by producing 
human constant region chimeras, in which parts of the variable regions, 

25 particularly the conserved framework regions of the antigen-binding domain, 
are of htiman origin and only the hypervariable regions are of non-human 
origin. Such immimoglobulin molecules may be made by techniques known in 
the art, (e.g., Teng et al., Proc. Natl. Acad. Sd. U.S.A., 80, 730i5-7312 (1983); 
Kozbor et al., Immxmology Today, 4, 7279 (1983); Olsson et al., Meth. 

30 EnzymoL, 92, 3-16 (1982)); and PCT Publication WO92/06193 or EP 0239400). 
Humanized antibodies can also be commerdally produced (Scotgen Limited, 2 
HoUy Road, Twickenham, Middlesex, Great Britain.) 
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Spedfic antibodies, or antibody fragments, reactive against porcine 
f gl2 proteins may also be generated by screening expression libraries encoding 
immunoglobulin genes, or portions thereof, expressed in bacteria with peptides 
produced from the nucleic add molecules of porcine fgl2. For example, 

5 complete Fab fragments, VH regions and FV regions can be expressed in 
bacteria using phage expression Ubraries (See for example Ward et al.. Nature 
341, 544-546: (1989); Huse et al., Sdence 246, 1275-1281 (1989); and McCafferty 
etal. Nature 348, 552-554 (1990)). Alternatively, a SCID-hu mouse, for example 
the model developed by Genpharm, can be used to produce antibodies or 

10 fragments thereof. 

(h ) Antisgnse n iignnucleotides 

Isolation of a nudeic add molecule encoding porcine fgl2 enables the 
production of antisense oUgonudeotides that can modulate the expression 
and/or activity of porcine £g\2. 

15 Accordingly, the present invention provides an antiserise 

oHgonudeotiLde that is complimentary to a nudeic add sequence encoding 
pordne fgl2. 

The term "antisense oligonudeotide" as used herein means a 
nudeotide sequence that is complimentary to its target. 

20 . The term "oUgonudeotide" refers to an oligomer or polymer of 

nudeotide or nudeoside monomers consisting of nahirally occurring bases, 
sugars, and intersugar (backbone) linkages. The term also indudes modified or 
substituted oligomers comprising non-naturally occurring monomers or 
portions thereof, which function similarly. Sudi modified or substituted 

25 oUgonudeotides may be preferred over naturally occurring forms because of 
properties such as enhanced ceUular uptake, or increased stabiHty in the 
presence of nudeases. The term also indudes chimeric oUgonudeotides whidi 
contain two or more chemicaUy distinct regions. For example, chimeric 
oUgonudeotides may contain at least one region of modified nudeotides that 

30 confer benefidal properties (e.g. increased nudease resistance, increased uptake 
into ceUs), or two or more oUgonudeotides of the invention may be joined to 
form a chimeric oUgonudeotide. 
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The antisense oligonucleotides of the present invention may be 
ribonucleic or deox3aibonucleic adds and may contain naturally occurring 
bases including adenine, guanine, cytosine, thymidine and xiradl. The 
oligonucleotides may also contain modified bases such as xanthine, 

5 hypoxanihine, 2-aminoadenine, 6-methyl, 2-propyl and other alkyl adenines, 5- 
halo uracil, 5-halo cytosine, 6-aza uracil, 6-aza cytosine and 6-aza thymine, 
pseudo uracil, 4-thiouracil, 8-halo adenine, 8-aminoadenine, 8-thiol adenine, 8- 
thiolalkyl adenines, 8-hydroxyl adenine and other 8-substituted adenines, 8- 
halo guanines, 8-amino guanine, 8-thiol guanine, 8-thiolalkyl guanines, 8- 

10 hydroxyl guanine and other 8-substituted guanines, other aza and deaza 
uracils, thymidines, cytosines, adenines, or guanines, 5-trifluoromethyl uracil 
and 5-trifluoro cytosine. 

Other antisense oligonucleotides of the invention may contain 
modified phosphorous, oxygen heteroatoms in the phosphate backbone, short 

15 chain alkyl or cycloalkyl intersugar linkages or short chain heteroatomic or 
heterocyclic intersugar linkages. For example, the antisense oligonucleotides 
may contain phosphorothioates, phosphotriesters, methyl phosphonates, and 
phosphorodithioates. In an embodiment of the invention there are 
phosphorothioate bonds links between the four to six 3 -terminus bases. In 

20 anotfier embodiment phosphorothioate bonds link all the nucleotides. 

The antisense oligonucleotides of the invention may also comprise 
nucleotide analogs that may be better suited as therapeutic or experimental 
reagents. An example of an oligonucleotide analogue is a peptide nucleic add 
(PNA) wherein the deoxyribose (or ribose) phosphate backbone in tiie DNA 

25 (or RNA), is replaced with a polyamide backbone which is similar to that f oxmd 
in peptides (P.E. Nielsen, et al Sdence 1991, 254, 1497). PNA analogues have 
been shown to be resistant to degradation by enzymes and to have extended 
lives in vivo and in vitro, PNAs also bind stronger to a complimentary DNA 
sequence due to the lack of charge reptdsion between the PNA strand and the 

30 DNA strand. Other oligonudeotides may contain nudeotides containing 
polymer backbones, cyclic backbones, or acyclic backbones. For example, the 
nudeotides may have morpholino backbone structures (US. Patent No. 
5,034,506). Oligonudeotides may also contain groups such as reporter groups. 
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a group for improvmg the pharmacokinetic properties of an oligonucleotide, or 
a group for improving the pharmacodynamic properties of an antisense 
oligonucleotide. Antisense oligonucleotides may also have sugar mimetics. 

The antisense nucleic add molecules may be constructed using 
5 chemical sjmthesis and enzymatic ligation reactions using procedures known in 
the art The antisense nucleic add molecules of the invention or a fragment 
thereof, may be chemically synthesized using naturally occurring nudeotides 
or variously modified nudeotides designed to increase the biological stability of 
the molecules or to increase the physical stability of the duplex formed with 

10 mRNfA or the native gene e.g. phosphoroliuoate derivatives and acridine 
substituted nudeotides. The antisense sequences may be produced biologically 
using an expression vector introduced into cells in the form of a recombinant 
plasmid, phagemid or attenuated virus in which antisense sequences are 
produced tinder the control of a high effidency regulatory region, the activity 

15 of which may be determined by the cell type into which the vector is 
introduced. 

The antisense oligonudeotides may be introduced into tissues or 
cells using techniques in the art induding vectors (retroviral vectors, adenoviral 
vectors and DNA virus vectors) or physical techniques such as microinjection. 
20 The antisense oligonudeotides may be directiy administered in vivo or may be 
used to transfect cells in vitro which are then administered in vivo. In one 
embodiment, the antisense bligonudeotide may be delivered to macrophages 
and/or endothelial cells in a liposome formulation. 
(c) Peptide Mimetics 

25 The present invention also indudes peptide mimetics of the pfgl2 

protein. Such peptides may indude competitive inhibitors, peptide mimetics, 
and the like. All of these peptides as well as molecules substantially 
homologous, complementary or otherwise functionally or structurally 
equivalent to these peptides may be used for purposes of tiie present 

30 invention. 

'Teptide mimetics" are structures which serve as substitutes for 
peptides in interactions between moleoiles (See Morgan et al (1989), Aim. 
Reports Med. Chem. 24:243-252 for a review). Peptide mimetics indude 
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synthetic structures which may or may not contain amino adds and/ or peptide 
bonds but retain the structural and functional features of a pfgl2 peptide, or 
enhancer or inhibitor of the pfgl2 peptide. Peptide mimetics also indude 
molecules incorporating peptides into larger molecules with other functional 
5 elements (e.g., as described in WO 99/25044). Peptide mimetics also indude 
peptoids, oUgopeptoids (Simon et al (1972) Proc. Natl. Acad, Sd USA 89:9367), 
and peptide libraries containing peptides of a designed length representing all 
possible sequences of amino adds corresponding to a peptide of the invention. 

. Peptide mimetics may be designed based on information obtained 

10 by systematic replacement of L-amino adds by D-amino adds, replacement of 
side chains with groups having different electronic properties, and by 
systematic replacement of peptide bonds with amide bond replacements. Local 
conformational constraints can also be introduced to determine conformational 
requirements for activity of a candidate peptide mimetic. The mimetics may 

15 indude isosteric amide bonds, or D-amino adds to stabilize or promote reverse 
turn conformations and to help stabilize the molecule. Cydic amino add 
analogues may be used to constrain amino add residues to particular 
conformational states. The mimetics can also indude mimics of inhibitor 
peptide secondary structures. These structures can model the 3-dimensional 

20 orientation of amino add residues into the known secondary conformations of 
proteins. Peptoids may also be used which are oligomers of N-substituted 
amino adds and can be used as motifs for tiie generation of diemically diverse 
libraries of novel molecules. 
fd) Other substances 

25 In addition to the above substances, other substances that can 

modtolate pfgl2 can also be idaitified and used in the methods of the invention. 
For example, substances whidi can bind pfgl2 may be identified by reacting 
pfgl2 with a substance which potentially binds to pfgl2, then detecting if 
complexes between the pfgl2 and the substance have formed. Substances that 

30 bind pf gl2 in this assay can be further assessed to determine if they are useful in 
modulating or inhibiting pfgl2 and useful in tiie therapeutic methods of the 
invention. 



wo 03/066848 



PCT/CA03/00153 



-25- 

Accordingly, iiie present invention also includes a nnethod of 
identif5ang substances which can bind to pfgl2 comprising tiie steps of: 

(a) reacting pfgl2 and a test substance, under conditions which 
allow for formation of a complex between the pf gl2 and the test substance, and 
5 (b) assaying for complexes of pfgl2 and the test substance, for free 

substance or for non complexed pfgl2, wherein the presence of complexes 
indicates that the test substance is capable of binding pfgl2. 

Conditions which permit the formation of substance and pfgl2 
complexes may be selected having regard to factors such as the nature and 
10 amoimts of the substance and the protein. 

The substance-pfgl2 complex, free substance or non-complexed 
proteins may be isolated by conventional isolation techniques, for example, 
salting out, chromatography, electrophoresis, gel filtration, fractionation, 
absorption, polyacrylamide gel electrophoresis, agglutination, or combinations 
15 thereof. To facilitate the assay of the components, antibody against pf gl2 or the 
substance, or labelled pfgl2, or a labelled substance may be utilized. The 
antibodies, pfgl2, or substances may be labelled with a detectable substance. 

The pfgl2 or the test substance used in the method of the invention 
may be insolubilized. For example, the pf gl2 or substance may be bound to a 
20 suitable carrier. Examples of suitable carriers are agarose, cellulose, dextran, 
Sephadex, Sepharose, carboxymethyl cellulose, polystyrene, filter paper, ion- 
exchange resin, plastic film, plastic tube, glass beads, silica, polyamine-mettiyl 
vinyl-ether-maleic add copolymer, amino add copoljnuer, ethylene-maleic add 
copolymer, nylon, silk, etc. The carrier may be in the shape of, for example, a 
25 tube, test plate, beads, disc, sphere etc. 

The insolubilized pfgil2 or substance may be prepared by reacting 
the materiail with a statable insoluble carrier using known chemical or physical 
methods, for example, cyanogen bromide coupling. 

The pf gl2 or test substance may also be expressed on the surface of a 
30 cell in the above assay. 

The pfgl2 gene or protein may be used as a target for identifying 
lead compounds for drug development. The invention therefore kidudes an 
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assay system for determiiung the effect of a test compound or candidate drug 
on the activity of the pf gl2 gene or protein. 

Accordingly, the presait invention provides a method for 
identifying a compotind that modulates pfgl2 gene or protein activity 
5 comprising: 

(a) incubating a test compound with a pfgl2 protein or a nudeic add 

encoding a pfgl2 protein; and 

(b) determining the effect of the test compound on pfgl2 protein 
activity or pfgl2 gene expression and comparing with a control (i.e. in the 

10 absence of a test compoimd) wherein a change in the pfgl2 protein activity or 
pfgI2 gene expression as compared to the control indicates that the test 
compound is a potential modulator of the pfgl2 gene or protein. 

2. Experimental Systems 

EuJcaryotic expression systems can be used for many studies of the 
15 porcine fgl2 gene and gene product(s) induding determination of proper 
expression and post-translational modifications for full biological activity, 
identifying regulatory elements located in the 5" region of the porcine fgl2 gene 
and their role in tissue regulation of protein expression, production of large 
amounts of the normal and mutant protein for isolation and purification, to use 
20 cells expressing the porcine fgl2 protein as a functional assay system for 
antibodies generated against the protein or to test effectiveness of 
pharmacological agents. 

3. niagnosHc Assays 

The isolation of porcine fgl2 molecules allows the detection of these 
25 molecules in cells and organs and the diagnosis of conditions involving an 
increase or decrease in porcine fgl2 activity or expression. For example, the 
nudeic adds, proteins and/or antibodies can be used to evaluate a pig organ 
prior to transplantation to assess the levels of fgl2. If the organ is from a 
transgenic knockout pig, one woiald need to verify lack of expression of fgl2 
30 prior to transplantation. 

Accordingly, ti\e present invention provides a method of detecting a 
porcine fgl2 protein or nudeic add in a sample (induding an absence) 
comprising assaying the sample for (a) a nudeic add molecule encoding a 
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pordne fgl2 protein or a fragment thereof or (b) a porcine fgl2 protein or a 

fragment thereof. 

(at TSIiigleic add molecules 

The nudeic add molecules encoding porcine f gl2 as described herein 
5 or fragments thereof, aUow those skilled in the art to construd nudeotide 
probes for use in the detection of nudeotide sequences encoding pordne fg]2 or 
fragments thereof in samples, preferably biological samples such as cells, 
tissues, organs and bodily fluids. The probes can be useful in detecting the 
presence of a condition assodated with porcine f gl2 or monitoring the progress 
10 of such a condition. The probes are also useful in detecting the presence of 
porcine f gl2 in a pig organ prior to transplantation. Accordingly, the present 
invention provides a method for detecting a nudeic add molecules encoding 
porcine fgl2 comprising contacting the sample with a nudeotide probe capable 
of hybridizing with the nudeic add molecule to form a hybridization product, 
15 under conditions which permit the formation of the hybridization product, and 
assaying for the hybridization produd. 

Example of probes that may be used in the above method indude 
fragments of the nudeic add sequences shown in Figure lA (SEQ ID NO:l). A 
nudeotide probe may be labeUed with a detectable substance such as a 
20 radioactive label which provides for an adequate signal and has suffident half- 
life such as 32P, 3H, 14C or the like. Other detectable substances whidi may be 
used indude antigens that are recognized by a specific labeUed antibody, 
fluorescent compounds, enzymes, antibodies specific for a labelled antigen, and 
diemiluminescence. An appropriate label may be seleded having regard to the 
25 rate of hybridization and binding of the probe to the nudeic add to be detected 
and the amount of nudeic add available for hybridization. Labelled probes 
may be hybridized to nudeic adds on soUd supports such as nitroceUtilose 
filters or nylon membranes as generally described in Sanibrook et al, 1989, 
Molecular Cloning, A Laboratory Manual (2nd ed.). The nudeotide probes 
30 may be vised to deted genes, preferably in human cells, that hybridize to the 
nudeic add molecule of the present invention preferably, nucleic add molecules 
which hybridize to the nudeic add moleoale of the invention under stringent 
hybridization conditions as described herein. 
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Nudeic add molecules encoding a porcine fgI2 protein can be 
selectively amplified in a sample using tiie polymerase chain reaction (PGR) 
methods and dDNA or genomic DNA. It is possible to design synthetic 
oligonudeotide primers from the nudeotide sequence shown in Figure 1 A (SEQ 
5 ID NO:l) for use in FCR. A nudeic add can be amplified from dDNA or 
genomic DNA using oligonudeotide primers and standard PGR amplification 
techniques. The amplified nudeic add can be doned into an appropriate vector 
and characterized by DNA sequence analysis. cDNA may be prepared from 
mRNA, by isolating total cellular mRNA by a variety of techniques, for 

10 example, by using the guanidiaium-thiocyanate extraction procedure of 
Ghirgwin et al.. Biochemistry, 18, 5294-5299 (1979). cDNA is then synthesized 
from the mRNA using reverse transcriptase (for example, Moloney MLV 
reverse transcriptase available from Gibco/BRL, Bethesda, MD, or AMV 
reverse transcriptase available from Seikagaku America, Inc., St. Petersburg, 

15 FL). 

(b) Proteins 

The porcine fgl2 protein may be detected in a sample using 
antibodies that bind to the protein as described in detail above. Accordingly, 
the present invention provides a method for detecting a porcine fgl2 protein 
20 comprising contacting the sample with an antibody tiiat binds to porcine fgl2 
which is capable of being detected after it becomes bound to the pordne f gl2 in 
the sample. 

Antibodies specifically reactive with porcine fgl2 or derivatives 
thereof, sudi as enzyme conjugates or labeled derivatives, may be used to 

25 detect pordne fgI2 in various biological materials, for example they may be 
used in any known immunoassays which rely on the binding interaction 
between an antigenic determinant of porcine fgl2 and the antibodies. Examples 
of such assays are radioimmtmoassays, enzyme immunoassays (e.g. ELBA), 
immunofluorescence, immtmopredpitation, latex agglutination, 

30 hemagglutination and histochemical tests. Thus, the antibodies may be tised to 
detect and quantify porcine fgl2 in a sample in order to determine ils role in 
particular cellular events or pathological states, and to diagnose and treat such 
pathological states. 
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In particular, liie antibodies of tiae invention may be iised in 
immuno-histochemical analyses, for example, at the cellular and sub-subceUular 
level, to detect porcine f gl2 to localise it to particular cells and tissues and to 
specific subcellular locations, and to qtiantitate the level of expression. 
5 Cytochemical techniques known in the art for localizing antigens 

using light and electron microscopy may be used to detect porcine fgl2. 
Generally, an antibody of the invention may be labeUed witii a detectable 
substance and porcine fgl2 may be localised in tissue based upon the presence 
of the detectable substance. Examples of detectable substances include various 
10 enzymes, fluorescent materials, luminescent materials and radioactive 
materials. Examples of suitable enzymes include horseradish peroxidase, 
biotin, alkaline phosphatase, p-galactosidase, or acetylcholinesterase; examples 
of suitable fluorescent materials include umbelliferone, fluorescein, fluorescein 
isothiocyanate, rhodamine, dichlorotiriazinylamine fluorescein, dansyl chloride 
15 or phycoerythrin; an example of a luminescent material includes luminol; and 
examples of suitable radioactive material indude radioactive iodine 1-125, 1-131 
or 3-H. Antibodies may also be coupled to electron dense substances, such as 
ferritin or coUoidal gold, which are readily visualised by electiron microscopy. 

Indirect methods may also be employed in which ihe primary 
20 antigen-antibody reaction is amplified by tiie intiroduction of a second 
antibody, having specificity for tiie antibody reactive against porcine fgl2. By 
way of example, if tiae antibody having specificity against porcine fgl2 is a 
rabbit IgG antibody, the second antibody may be goat anti-rabbit gamma- 
globulin labelled with a detectable substance as described herein. 
25 Where a radioactive label is xised as a detectable substance, pordne 

fgl2may be localized by autoradiography. The results of autoradiography may 
be quantitated by determining the density of particles in ti:xe autoradiographs 
by various optical methods, or by counting the grains. 
4. Therapeutic Mettiods 
30 As previously stated, the present inventors have demonstrated that 

the porcine fgl2 molecule is a procoagulant that possesses protiirombinase 
activity. It is involved in the thrombosis associated with viral hepatitis, fetal 
loss syndromes and transplant rejection (see WO 98/51335, which is 
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incorporated herein by reference in its entirety). As a result, the novel pordne 
fgl2 molecules described herein may be used in immune modulation in pigs. 
Consequently, the present invention includes methods of modulating an 
immune response caused by fgl2 using titve porcine fgl2 described herein. 

5 Accordingly, the present invention provides a method of 

modulating an immtine response comprising administering an effective 
amount of a porcine fgl2 nudeic add or protein or a modulator thereof to a 
porcine cell or animal in need tiiereof . The present invention also indudes a use 
of an effective amoimt of a porcine fgl2 nudeic add or protein or a modulator 

10 thereof to modulate an immune response or to manufacture a medicament to 
modulate an immime response. 

The term '"modulate an immime response'' as used herein refers to 
the suppression, induding inducing immune tolerance, or activation of the 
immune response. 

15 The term "effective amoimt" as xosed herein means an amount 

effective, at dosages and for periods of time necessary to achieve the desired 
results. Effective amounts of a molecule may vary according to factors such as 
the disease state, age, sex, weight of the animal. Dosage regima may be 
adjusted to provide the optimiim therapeutic response. For example, several 

20 divided doses may be administered daily or the dose may be proportionally 
reduced as indicated by ihe exigendes of the therapeutic situation. 

The immime responses that may be modulated indude modulating 
graft rejection, fetal loss and viral infections. 

In an embodiment, the present invention provides a method of 

25 suppressing or inhibiting an immxme response to a transplanted porcine organ 
or tissue comprising administering an effective amoimt of an agent that inhibits 
porcine fgl2 to Ihe porcine organ or tissue, porcine donor or transplant 
redpient. The present invention also indudes a use of an effective amount of 
an agent that inhibits porcine fgl2 to suppress or inhibit an immune response or 

30 to manufacture a medicament to suppress or inhibit an immune response. 

The porcine organ or tissue can be any organ or tissue that one 
wishes to transplant to a redpient induding, but not limited to, heart, liver. 
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kidney, lung, pancieas, pancreatic islets, brain tissue, cornea, bone, intestine, 
skin and hematopoietic cell. 

In a specific application, the present invention provides a method of 
inhibiting or preventing thrombosis associated with xenotransplant rejection of 
5 a pordne organ or tissue comprising administering an effective amount of an 
agent that inhibits porcine fgl2 to the pordne organ or tissue, porcine donor or 
transplant redpient. The present invention also indudes a use of an effective 
amoxmt of an agent that inhibits porcine fgl2 to inhibit or prevent thrombosis 
assodated with xenotransplant rejection of a porcine organ or tissue or to 
10 manufacture a medicament to inhibit or prevent tiirombosis assodated with 
xenotransplant rejection of a porcine organ or tissue. 

The term "agent that inhibits porcine fgl2" indudes any substance or 
agent that inhibits the activity of the pordne fgl2 protein or expression of the 
porcine fgl2 gene. The agent can be selected from any of the pfgl2 modulators 
15 described above in Section 1 . 

In one embodiment, tiie agent is an antibody tiiat inhibits the 
activity of porcine fgl2. In another embodiment, the agent is an antisense 
molecule of the porcine f gl2 nudeic add sequence. 

In a further embodiment, the porcine fgl2 gene is inhibited by 
20 preparing a transgenic knockout pig that lacks expression of the fgl2 gene. As 
evidenced in Example 4, the inventors have prepared a transgenic knockout 
animal lacking expression of the fgl2 gene. The inventors demonstirated that 
cardiac xenografts from the fgl2 knockout animals did not develop thrombosis 
or any other features of graft rejection when transplanted into an 
25 immunocompetent rat. 

Accordingly, the present invention provides a transgenic pig (or its 
progeny) lacking expression of the pf gl2 gene. 

The present invention also provides a method of suppressing an 
immime response to a porcine organ or tissue comprising (a) preparing a 
30 taransgenic pig lacking expression of a pfgl2 gene and (b) taransplanting an organ 
from ttie transgenic pig to a redpient animal. The redpient animal is preferably 
a himian. The animal preferably receives immimosuppressive drugs either 
before, dvuing and/or after the transplant. 
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Transgenic pigs lacking expression of the pf gl2 gene can be prepared 
using techniques known in the art. For example, see U.S. Patent No. 6,498,285, 
reference 56 as well as Example 5. Briefly, a nudeic add construct is prepared 
that can be used to inactivate the endogenous porcine fgl2 gene. The nudeic 
5 add construd will comprise a disrupted porcine fgl2 gene whidi is generally 
disrupted by the insertion of an exogenous sequence into the fgl2 gene such 
that expression of the fgl2 gene is inhibited. The exogenous sequence is 
generally inserted into an exon of the gene and generally comprises a selectable 
marker. Preferred marker genes are antibiotic resistance genes such as the 
10 neomycin resistance gene (neo), the reporter lacZ gene and the herpes simplex 
virus thymidine kinase gene (HSV-tk). The marker gene will preferably have a 
3-UTR sequence attached to the 3' end of the gene which serves to stabilize the 
marker gene. The nudeic add construct is inserted into a porcine cell, 
preferably an embryonic cell suda as the pro-nudei of a fertilized egg. The 
15 transfected embryonic cells are inserted into a pseudopregnant mother. 

Accordingly, tiie present invention indudes a mediod for preparing 
a transgenic pig comprising an inactivated f gl2 gene comprising 

(a) inserting into a porcine embryonic cell a nudeic add construct 
comprising a disrupted porcine fgl2 gene; 
20 (b) implanting the transfected embryonic cell into a female pig; and 

(c) permitting said embryo to develop into a pig. 
The transgenic pig is preferably further mated with a second 
transgenic pig heterozygous for the nudeic add construct and progeny are 
sdected that are homozygous for tiie nudeic add construct. Applicants have 
25 successfuUy prepared a transgenic knockout fgl2 mouse as described in their 
co-pending U.S. appUcation serial no. 09/689,872 which is incorporated herein 
by reference in its entirety. Similar methodology and constructs can be used to 
prepare a transgenic pig, for instance as described in Example 5. , 
5. Pharmaceutical Compositions 
30 The present invention indudes pharmaceutical compositions 

containing the porcine fgl2 molecules and modulators thereof of the invention. 
Accordingly, the present invention provides a pharmaceutical composition 
comprising a pordne fgl2 protein, a nudeic add molecule encoding a porcine 
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protein and/or a modulator of a pordne nucleic add sequence or protein in 
admixture with a suitable diluent or carrier. In one embodiment, the 
pharmaceutical composition comprises an effective amount of an agent that 
inhibits pordne f gl2 in admixture with a suitable diluent or carrier. The agent 

5 that inhibits porcine fgl2 is preferably an antibody or an antisense molecule. 

Such pharmaceutical compositions can be for intralesional, 
intravenous, topical, rectal, parenteral, local, inhalant or subcutaneous, 
intradermal, intramuscvdar, intrathecal, transperitoneal, oral, and intracerebral 
tise. The composition can be in liquid, solid or semisolid form, for example 

10 pills, tablets, creams, gelatin capsules, capsules, suppositories, soft gelatin 
capstiles, gels, membranes, tubelets, solutions or suspensions. The porcine fgl2 
is preferably injected in a saline solution either intravenously, intraperitoneally 

or subcutaneously. , 

The pharmaceutical compositions of ihe invention can be intended 
15 for administration to hiunans or animals. Dosages to be administered depend 
on individual needs, on the desired effect and on the chosen route of 
administration. 

The pharmaceutical compositions can be prepared by per se known 
methods for the preparation of pharmaceutically acceptable compositions 

20 which can be administered to patients, and such that an effective quantity of the 
active substance is combined in a nuxture with a pharmaceutically acceptable 
vehide. Suitable vehides are described, for example, in Remington's 
Phammceutical Sdences (Remington's Pharmaceutical Sdences, Mack 
Publishing Company, Easton, Pa., USA 1985). 

25 On this basis, the pharmaceutical compositions indude, albeit not 

exdusively, tiie active compound or substance in association with one or more 
pharmaceutically acceptable vehides or diluents, and contained in buffered 
solutions with a suitable pH and iso-osmotic with tiie physiological fluids. The 
pharmaceutical compositions may additionally contain other immime 

30 modulatory agents. 

A pharmaceutical composition comprising the nudeic add molectiles 
of the invention may be used in gene therapy to inhibit the activity of porcine 
fgl2. Recombinant molecules comprising an antisense oligonudeotide n:my be 
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directly introduced into cells or tissues in vivo using delivery vehicles such as 
retroviral vectors, adenoviral vectors and DNA virus vectors. They may also 
be introduced into cells in vivo using physical techniques such as microinjection 
and electroporation or chemical methods such as copredpitation and 
5 incorporation of DNA into Uposomes. Recombinant molecules may also be 
delivered in the form of an aerosol or by lavage. The nucleic add moleades of 
the invention may also be applied exlracelltilarly such as by direct injection into 

cells. I 

The following non-limiting examples are illustrative of the present 

10 invention: 

EXAMPLES 

EXAMPLE 1 

Cloning of the porcine fgl2 gene (pfgl2) 

A bacteriophage X EMBL3 SP6/T7 adult porcine genomic Hbrary was 

15 obtained from Qontech Laboratories (Palo Alto, CA, USA). A 659 bp PGR 
product was amplified from exon 2 of the mouse fgl2 (mfgl2) cDNA and 
labelled with a-"P-dCTP for tise as a probe. Approximately 1.2x10* viral dones 
were screened by hybridization with the radiolabeled mfgl2 probe. Three 
positive dones were identified, with porcine genomic DNA inserts ranging in 

20 length between 13 and 17 kb. After plaque purification, the three dones were 
individually plated at high density and their DNA was extracted from the 
bacterial lysate. 

A restriction map of each done was prepared by digestion with Xltol, 
San, Ssil, Hindm, and Kpnl, alone and in combirmtion (Figure 4). Restriction 

25 fragments from each clone that contained exons 1 and/or 2 were identified by 
Southern blotting lising the murine exon 2 probe and a 161 bp mtuine exon 1 
probe (Figure 7). The pfgl2 gene was localized within each done's porcine 
genomic DNA insert. The done containing the greatest portion of the gene 
was selected for DNA sequencing on both strands. Approximately 8 kb of 

30 sequence data was obtained. Using porcine genomic DNA as a template, 
additional sequence at the 3' end of the gene was obtained by PGR using a 
forward primer based on the 3' porcine sequence obtained in combination with 
a reverse primer based on the human fgl2 gene sequence. The 1.2 kb PGR 
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product overlapped wiih the pordne sequence obtained from iiie genomic 
Ubrary done by ~800bp (100% aUgnment), providing -400 bp of additional 
sequence. 

Analysis of the composite sequence data revealed significant 
5 similarity to the mf gl2 and hfgl2 genes at the nudeotide level. In addition to 
the two exons and one intron, the doned region induded approximately 1.3kb 
of the promoter region. The complete gene sequence is provided in Figure lA 
(SEQ IN NO:l), with annotations. An alignment of the mouse, human, and 
porcine f gl2 promoter regions is induded in Figure 2. 
10 Cloning of the pfgll cDNA 

Northern blotting on porcine tissues identified a greater abimdance 
of fgl2 in heart, lung, and smaU bowel, as shown in Figure 11. Two mRNA 
transcripts of approximately 1.5kb and 4.2kb were seen by Northern analysis, 
corresponding to findings in other spedes (41). Total RNA from porcine smaU 
15 intestine was used for 5' and 3" RACE (rapid amplification of cDNA ends) 
experiments and ribonudease protection assays (KPA) in order to identify the 
transcription start site and lOie 3' deavage/polyadenylation sites of the two 
mRNA spedes. The findings of these studies is simunarized in Figtires 8 and 9 
and in the sequence in Figure lA (SEQ ID NO:l). 5' RACE identified a 
20 transcription start site 24 nudeotides upstream of the start codon (ATG). 3" 
RACE identified a 3' mRNA deavage/polyadenylation site 165 nudeotides 
downstream of the predicted stop codon, at a position 17 nudeotides past the 
predicted polyadenylation signal for the short mRNA tiranscript. RACE 
therefore predicts a cDNA of 1518 nudeotides corresponding to the size of the 
25 short mRNA transcript seai on Northern blot. 

A 3' deavage/polyadenylation site corresponding to the longer 
mRNA variant was not identified by 3' RACE. The 3' UTR of the pfgl2 gene 
contains a 27 nudeotide stretch of adenine residues whidi may -have acted as a 
priming site for first-stirand cDNA synthesis, preventing the synthesis of dDNA 
corresponding to the downstream sequence of the longer mRNA tiranscript. 
Ribonudease protection assays were therefore utilized to identify the longer 
mRNA transcript. Genomic DNA sequence surrounding the region of the 
predided distal 3' deavage/polyadenylation site was amplified by PGR and 



30 
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subdoned into the multiple cloning site of a vector flanked by Sp6 and T7 
promoters for in vitro transcription. Digoxigenin (Dig)-labeUed sense and 
antisense RNA probes were synthesized by performing in vitro transcription 
with either T7 or Sp6 RNA polymerases in the presence of a dNTP pool 
5 containing Dig-dUTP. Sense and antisense probes were hybridized against 
lOOmg of porcine smaU intestiiwl total RNA, digested with RNase, and then 
resolved by denaturing PAGE. The RNA in the gel was transferred to a 
positively charged nylon membrane and subsequently detected by 
chemiluminescence after immunoblotting with an anti-dig antibody (Roche). 
10 The length of protected RNA fragment corresponded to the predicted second 3* 
deavage/polyadenylation site (Figvire 12). 

Analysis of the pfgl2 mRNA sequence revealed an open reading 
frame (ORF) that encodes a 442 amino add protein (Figure IB, SEQ ID NO:2) 
which shares 89% overall homology to hfgl2 and 77% overall homology to 
15 mfgl2. The putative N-terminal transmembrane region, the region 
surrounding the prothrombinase active site (serine 89 in mouse), and the C- 
terminal fibrinogen-related domain are very highly conserved. The coding 
region is provided in Figure lA (SEQ ID NO:l). An aUgnment of the pordne, 
human, and mouse fgl2 protein sequences is provided in Figure IB (SEQ ID 

20 NO:2). 

Expression of recombinant pfgU, protein 

The predided hiU-lengtii coding region of pfgl2 (induding the stop 
codon) was amplified by RT-PCR from small intestinal total RNA and 
subdoned into the baculovirus transfer vedor pAcHLT-C (BD Pharmingen), in- 

25 frame with an N-terminal polyhistidkie (His) tag. Spodoptera frugiperda 9 (S/9) 
insed cells were co-transfected with pAcHLT-C/pfgl2 and linearized 
BaculoGold baculovirus DNA (BD Pharmingen) in order to generate a 
recombinant pfgl2-encoding baculovirus (pfgl2bv) by homologous 
recombination. The recombinant virus was plaque purified, amplified, and 

30 titered. High-Five insed cells were infected at a multipUdty of infection (MOI) of 
3. Western blotting of the ceU peUet with an anti-His antibody was used to 
demonstrate expression of the 55 Idlodalton (kDa) recombinant His-tagged 
pfgl2 cell lysates harvested after three days of infection (Figixre 13). 



wo 03/066848 



PCT/CA03/00153 



-37- 

Generation of thrombin from prothrombin by recombinant pfgl2 

High-Five cells were harvested after three days of infection (MOI 3) 
by either pfgl2bv or wild-type baculovirus; uninfected cells were harvested in 
parallel. Cell pellets were washed twice with reaction btiffer (20inM HEPES, 

5 150mM Naa, SmM CaCl^, pH 7.4) and resuspended in this bxiffer at a final 
concentration of 3 x 10^ cells/mL. Cells were lysed by three cydes of freezing 
in Uquid nitrogen, thawing at 37°C, and vigorous vortexing. Lysates from each 
group were tested in triplicate. For each individual reaction, ttie lysate of 3 x 
10^ cells (10ml) was incubated with IOmI of 20nM human prothrombin (final 

10 concentration lO^M) at 37° for 60 minutes. The reaction was subsequently 
diluted with 125^1 of ice-cold pH 8.3 buffer containing 50mM Tris, 227mM 
NaCl, 1% bovine serum albumin, and 1% sodium azide. Reactions were 
centrifuged at 14,000rpm to pellet debris and the supematants were transferred 
to 96-well plates. ISpl of a chromogenic substrate of human thrombin 

15 (Chromozym TH, Roche) was added to each sample. Thrombin activity in each 
sample was assayed by measuring the change in absorbance (OD 405nm) over 
time in an automated plate reader. A significant level of thrombin activity was 
generated by pfgl2bv-infected cell lysates in contrast to wild-type baculovirus- 
infected and uninfected controls (Figure 14), as judged by comparison with 

20 standard curves generated by known concentrations of human Ihrombin 
(Figure 15). No thrombin generation was observed when prothrombin was 
withheld from the reaction mixture (data not shown). This data suggests that 
recombinant porcine fgl2 protein is able to generate active thrombin from 
human prothrombin. 

25 Induction offglZ mRNA in activated porcine endothelial cells 

Primary porcine aortic endothelial cells (PAEC) were harvested and 
propagated as monolayers. PAEC were incubated with 20ng/ml of human 
human tumor necrosis factor a (hTNFa). Total RNA was isolated from cells at 
0, 12, and 24 hours, and examined for pfgl2 mRNA levels by Northern analysis. 

30 ISSrRNA levels were examined as a control for equal loading. Activation of 
PAEC by hTNFa is associated with induction of pfgl2 mRNA (Figure 16). This 
finding suggests that induction of pfgl2 may play a role in the patitiogenesis of 
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xenograft thrombosis, a hallmark of which is activation of vascular endotheUal 
cells. 

These findings provide preliminary evidence that f gl2 expression is 
increased in porcine endothelial cells in response to human serum and 
5 cytokines that are relevant in xenotransplantation. 
EXAMPLE 2 

Determination of the chromosomal location of the porcine fgl2 gene using 

fluorescence in-situ hybridization (FISH). 

METHODS 

10 Porcine Lymphocytes 

Lymphocytes were isolated from porcine blood using standard 
techniques, and cultured " in a-minimal essential medium (a-MEM) 
supplemented with 15% fetal calf serum, 1% L-glutamine, and 
phytohemagglutinin (PHA) at 37°C for 72 hours. Cells were harvested and 

15 sUdes were prepared using standard procedures including hypotonic tireatment, 
fixation, and air dry. 

Fliinrftscewce in situ hvbrid iyaHon (PISH) assav 

The 12.8kb porcine genomic DNA SaR restriction fragment of 
genomic Ubrary Qone 1 (containing ahnost aU of the pf gl2 gene) was used as a 
20 probe for FISH. The DNA was biotinylated witii dATP using tiie Gibco BRL 
BioNick labelling kit (15*'C, 1 hr). The procedure for FISH detection was 
performed as previously described (51,52). Briefly, sUdes were baked at 55°C 
for 1 hour. After RNase A tireatment, the slides were denatured in 70% 
formamide in 2x BSC for 2 minutes at 70°C, followed by dehydration with 

25 ethanol. Probes were denatured at 75°C for 5 minutes in a hybridization mix 
consisting of 50% formamide and 10% dexfaran sulfate. Probes were loaded on 
the denatured chromosomal sUdes., After overnight hybridization, sHdes were 
washed and detected as well as an^lified. FISH signals and tiie DAPI banding 
pattern (53) was recorded separately by taking photographs, and tiie 

30 assignment of the FISH mapping data with chromosomal bands was achieved 
by superimposing FISH signals with DAPI banded chromosomes (52). 
RESULTS 
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As illustrated in the Figure 17, the porcine fgl2 probe localized to a 
single chromosomal locus. The detailed position was determined to be porcine 
chromosome 9, region ql6-ql7. 
PTSCUSSION 

5 This data demonstrates that pf gl2 is present as a single-copy gene in 

the porcine genome, localizing to 9ql6-ql7. This chromosomal region is 
syntenic with human chromosome 7, region qll.23, which is the location of the 
fgl2 gene within the human genome (55). The latter is syntenic with murine 
chromosome 5, to which the murine fgl2 gene localizes (54). This data provides 

10 further evidence that fgl2 is highly conserved between species not only in gene 
structure and function, but in its chromosomal location. 
EXAMPLES 

Generation of anti-pfgl2 antibodies 

A peptide consisting of the C-terminal 19 amino adds of pfgl2 was 

15 synthesized, conjugated to KLH, and used for immunization (by standard 
protocol) of two New Zealand white rabbits (rabbits GN9179 and GN9180). 
Post-immunization serum samples collected from both animals were foimd to 
react by EUSA against the 19aa peptide used for immunization, while pre- 
immune serum samples showed no reactivity. IgG was subsequently isolated 

20 from the sera by Protein G Sepharose affinity chromatography. On Western 
blot, the purified IgG from both animals recognized recombinant pfg;12 protein 
generated by pfgl2bv infection of insect cells (Figure 18). These results suggest 
that these polyclonal rabbit anti-pfgl2 antibodies can be utilized for analysis of 
pf gl2 protein e3q>ression in porcine cells and tissues by Western blot. 

25 EXAMPLE 4 

Role offgll in xenograft rejection 

In order to investigate the role of fgl2 in xenograft rejection in vivo, 
tiie inventors have established a mouse-to-rat cardiac xenotransplant model. 
Wild-type mouse hearts transplanted heterotopically into rats developed 

30 intravasctilar thrombosis and otiier typical features of xenograft rejection in 
association with increased tissue levels of fgl2 mRNA. Through targeted 
disruption of the fgl2 gene, fgl2 knockout mice were generated for use as 
cardiac xenograft donors in ttus model. In contrast to wild-type mouse hearts. 
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cardiac xenografts from f gl2 knockout mice did not develop thrombosis or any 
. other typical features of xenograft rejection foUowing implanl^tion into 
inununocompetent rats. Moreover, indefinite survival of fgl2 knockout cardiac 
xenografts was achieved through immunosuppression of recipient rats with a 

5 combination of short-course cobra venom factor and daily cydosporine. 
Withdrawal of cydosporine resulted in a pattern of ceUular rejection that was 
similar to that observed with aUogeneic grafts, whidx could be controUed 
through the \ise of conventional immtmosuppressive agents. 

The above data provides in vivo evidence that thrombosis, normaUy 

10 seen during a xenotransplant, is prevented when the donor organ does not 
express the fgl2 gene. 
TOCAMPLE5 

Preparation offgl2 knockout pigs 

The inventors have demonstrated that the use of f gl2 knockout (fgl2 

15 -/-) donor hearts for mouse-to-rat xenotransplantation abrogates the 
thrombosis classically assodated with delayed xenograft rejection (also known 
as acute vascular rejedion,AVR) in this rodent model. Furthermore, treatment 
of redpient rats with a combination of cobra venom factor and cydosporine 
permits indefinite survival of fgl2 -/- donor hearts. Subsequent withdrawal of 

20 cydosporine immunosuppression results not in AVR/DXR, but in typical 
aUograft-like ceUular rejection, suggesting that defidency of fgl2 is protective 
against AVR. 

Hiese observations provide a strong rationale for investigating the 
utiHty of fgl2 knodcout donor pigs for the prevention of AVR/DXR in pig-to- 

25 primate xenotransplantation. Generation of fgl2 knodcout pigs can now be 
adiieved based on the availabiHty of the pfgl2 genomic sequence, pfgl2 
chromosomal localization, and the recent development of methods related to 
genetic modification in pigs. Cloning of pigs by somatic cell nudear transfer 
has now been estabUshed and reported as a viable tedmology (57, 58). As an 

30 extension of this work, other groups have utilized pordne somatic cells for 
targeted gene disruption by homologous recombination; nudear transfer from 
these genetically modified somatic cdls has subsequently been performed in 
order to generate viable pigs with targeted gene knockouts (59, 60). The 
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production of pigs deficient in galactosyl-al^-galactose (a-gal, a major 
xenoantigen) was recentiiy achieved through the application of these 
technologies to disrupt the gene that encodes al,3-galactosyltransferase, the 
enzyme responsible for the production of a-gal (61). 
5 One method for generating a fgl2 knockout pig can comprise the 

preparation of a pfgl2 gene-targeting knockout vector containing genomic 
sequences spanning the 5* and 3* flanking regions of pfgl2 (necessary for 
homologous recombination), but with the first exon of pfgl2 replaced with a 
lacZ-neo-polyA reporter/selection cassette, in a manner similar to that used for 

10 generation of the gene-targeted fgl2 knockout mouse. According to 
established methods (60), porcine fetal fibroblasts are then transfected with the 
targeting vector and stably transfected clones selected with a neomycin 
analogue. Site-specific replacement of the native pfgl2 gene by the targeting 
vector can be confirmed by PCR screening and Southern blot analysis and 

15 appropriate clones isolated for use as donors for nuclear transfer into 
enucleated in r;ffro-matured pig oocytes. Offepring generated by this protocol 
can be genotyped using PCR and Southem blotting to identify the presence of 
native or disrupted pfgl2 alleles. Transmission of the knockout allele into the 
germline can be confirmed by mating of heterozygote (pfgl2 +/-) offspring in 

20 order to generate homozygous (pfgl2 -/-) pf gl2 protein deficient pigs. 

Organs from pfgl2 deficient pigs can be utilized for pig-to- 
nonhuman primate xenotransplantation using methods described previously 
(62, 63). Mating of pfgl2 knockout pigs with other genetically modified pig 
lines (eg. hDAF transgenic or a-gal knockout) can also be conducted and used 

25 to evaluate the combined utility of fgl2 deficiency with other genetic 
modifications in the prevention of AVR/DXR, which remains a major hurdle to 
successful xenotransplantation. 

While the present invention has been described with reference to 
what are presently considered to be the preferred examples, it is to be 

30 imderstood that the invention is not limited to the disclosed examples. To the 
contrary, the invention is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope of the appended 
claims. 



wo 03/066848 



PCT/CA03/00153 



-42- 

All publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 
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